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dalt-ContaiAmg Liquids 



We, Nederlandse Organisatie voor 

TOEGEPAST - NAtUORWETENSCHAPPELIIK 

Onderzoek Ten Behoevb van NijVERHEro, 

5 Hague, The Nedietlands, a body corporate 
organised imder die laws of The Netherlands, 
do hereby declare die invention, for which we 

■ ^^1, r**'?;™*^ be.granted tO tis, and 
UKj mediod by which it is. to be performed, to 

iO be particularly described ia attd by the follow- 
ing: stat^ent:— 

This in'yention relates to the deionisation 
and concentraaon of liquids and particularly to 
the deionisation or demineralisation of water 

15 More particularly the invention r relates to a 
process and apparatus for the deionisation of 
liquids wherein an input.^of ; ionic l&iuid is 



separated into » dd«M B^m^^d^n - ^^!^!^''^^'^^^%^-^^ <^ 



25 



. - . ' M«^wvt,- auvij a ■ vvii- 

cptrate, in such a maimer-as to :penm con- 
20 timious use and operation dyer long- 1^^^ 
•time.- .° 

^ The deionisation of liquids and in particular 
the demineralisation of water is a problem of 
steadily growing importance, 

A well-known deionisation mediod is separ- 
auon of salt from water by distillation in 
which the water js first vapouiised and then 
condensed to yield a distiUate of a low mineral 
content. This method, aldiough frequentiy 
30 used, is costiy; . \ 

A second mediod of deionisation involves 
die use of ion-exchanging substances or mated 



tiieir soditont ions for other metal ions such as 
calaum, thus giving a water which is " soft " 
instead of " hard 

These ion exchangers must be regenerated 50 
regularly, diere is need/for special materials 
and equipment, and tiiey inherentiy involve a 
P^^?^.^t*?itdowii^in the softeiniig process. 

FinaUy^ • electfodialysi$ is emplbyed to an 
ever-mcreasmg extent for tiic deibnisauori ol 55 
lomc liquid; tiiis process is condnuGus^ but 
die solutions W dilute, very much 
energy-is required for the deionisation owing 
to the high resistance, so tiiat tiiis process is^ 

iiotsmtablefdrobtdninghigWyddmiiier^^^^ 60 
liquids. 

'Ehe present invention provides a process for 
<i:^«>5isation of ani^^ liquid, which com- 



als, such as c^uon^ '^^^^ . S S^ 

^n^d m series, as by pas^g^SrS ^1^^ 



OTipioyedm series, as by passmg water first 
35 through a bed of cation exchanger and tiien 
through a:bed of anion exchanger. Alter- 
natively^ the water can be= passed through a 
single bed comprising a mixture of ; the two 
types of exchanger, a so-called "mixed-bed" 
40 ion exchanger. A drawback of tiiis metiiod 



anambn^exchahger andacatioh^^^ xc 
posed between Uvo ion-permeSble membranes 
and deibnising: the exchmigers by applying an 
electric current across die niembranes atid the 
exchangers which causes displacement of 
adsorbed ciatibns and anions tiirough die mem- 70 
brakes to a rising solution dn the otiier side 
qt the membranes for regeneration of said 
exchangers/ e» * ooxu 

The invention also provides deionisation 
app^atus, comprising an anion exchanger and 75 
a catipn exchanger, disposed in a deionisation 
chamber bounded on two sides by ion-perme- 
able membranes, said chamber being provided 

with means fnr ffiA inti-r>/1i«^V^ X 



• *k 7C P Z' "US memoa a potential difference acro< 

IS that tiie ion-exchangers used must be regen- aiil die deibni^Sai^te 
erated penodically. and tiiat rer eauivaleht of . • tn v-biZj^-T^f 



4S 



erated penodicallyj and that per equivalent of 
removed salt at least aa equiavlent of add and 
alkali is required. 

. . .For' some applications use is . made of ion- 
ejtchangers which arc capable of €xthariging 

[Price 3s, 6d.l 



of the hquid to he ddonised and the deionised 80 
hquid respectively, each membrane fofming a 
bounda:^ between the ddoiiisanon chamber 
and a rmsihg- chamber provided with means 
for Ac mtfoductioii and discharge of rinsing 
hqm4 meaiB beihg provided for maintainini 85 
\r^^^.^fi^ Across the membrane! 



In c^irrying out the invention ionic liquids 
are passed dirough catioai-exchangers and 
amon-exchangersi present between ion-perme- gn 
able menibrari**, prdfertbly. -catidniselective 
and amoit-selecnve exchanger tneniibiaiies ies- 
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pectively, wMe maimaining an dectric poten- 
tial across the exchangers and the meml»anes, 
whereby the anions and cations are separately 
removed at opposed sides of the deionisation 
3 chamber. 

The apparatus of the invention can ba 
regarded as being a three- or multi-cell dectro- 
dialysis apparatus in which an anionrcxchanger 
and a cation-exchmger are present in the 
10 deiomapg chamber or chambers between die 
membranes. The apparatus can also be 
employed as a concentration apjraratus for 
recovenng costly ions from highly diluted solu- 
tions. It will be undrstdod that if the 
15 quanuty of rinsing liquid is small in propor- 
tion to die quantity of liquid deionised in die 
deiomsing chamber, die ions wiU fom a more 
concentrated solution in die rinsing Kquid so 
that conpentration then takes place. 
20 Some enilxwiiments of die apparatus accord- 
ing to dia inventioaare iliustzrated iii the 
. accompm]^. drawings, in w^ 

- ^ A diagrammatic vertical sectional 

view of a ddonising apparatus according to die 
25 mveaUQj^ die dectrodialysis chamber: bdng 
filled with a mixture of anion and cation 
exchangers, and 

Fig. 2 is a diagrammatic view of a portion 
of an apparatus as shown in Figv ly but 
30 wherein the ddonising cell contains altemat- 
mg horizontal strata of anion and . cation 
exchange resin. 

pig- 3 is a portion of a diagrammatic hori- 
zontal section of a oell^ showing a stratum of 

35 amon exchanger and a stratuni 'of cation 
exchanger present in die: <ai paralld to die 
niembranesj and 

Eg. 4 is adiagrammatic section of an appar- 
atus, as indigated in Fig. 3> comprising more 

40 than one ddonising chamber. 

In Kgs. l—-3> reference numeral 1 repre- 
sents the anode, positioned in anode chamber 
3; 2 is the cathode in the cathSde chamber 4. 
The anode chamber is proivded with an inlet 

45 for dectrode rinsing liquid 7 and with an out- 
let S; the cadiode chamber with an inlet 9 and 
oudet 10. 

The deionisjng chamber 5, provided with 
an inlet 11 and an oudet 12, is filled widi ion 

50 exchangers, which are separated by ion-per- 
meable membranes 19, 20 from the adjoining 
rinsing chambers. In the embodiment illu^ 
trated in Fig. 1, a mixture pf. ion cxdhongers 
is present between; the membranes^ in the 

55 embodiment .according to Fig. 2 separate 
strata of anion exchanger 15 and cation 
exchanger 16 are present; the separating sur^ 
faces between the sUata ate here paralld to 
the current direction. Li die ' embodiment 

60 according to Fig. 3 diere are also separate 
strata of the two exchangers; the separating sur- 

. . face is here paralld to the membranes. Prefer- 
ably membrane 19 is anipn-sdecrive arid mem- 
brane 20 cation-sdective . 

65 The dectrodialysis apparatus as shown in 



Kg. 4 comprises" an anode 1 dnd cadiode 2, 
separated by alternate anionrpermeabl^Siem- 
branes 21 and cation-permeable meinbraries 
22. Rinsing liquid enters the anode cham- 
ber 3, containing, the anode through an inlet 
7 and leaves through an oudet 8; liquid enters 
■ the cadiode chamber 4, cpmanring the cathode 
2, dirough an inlet 9 and leaves throueh an 
oudet 10. ^ 

The liquid to. he 'ddonised is fed to the 75 
ddonising cdls 5 via duct 11, which liquid 
leaves die apparatus via duct 12. These cells 
are filled, mth alternate strata of cation 
exchajiger 16 and an am*on exchanger 15 in 
die direction of flow of die. liquid. Rinsing 80 
liquid is fed to the intermediie rinsing cells 
6 dirough duct 13, which rinsing liquid may 
be die same as die liquid to be ddonised, and 
a concentrate is discharged through duct 14. 

The membranes can be made of materials 85 
such ias itije material known under die Regis- 
tered Trade IVlark ^^CeUophane'', parchment 
or porous ceramic substances, which are per- 
meable to both; cations and anions. = Better 
results are obtained^ however, -if fthe mem- 90 
branes are of the perm-selective :^e^ - If a 
ddonising chamber filled i^tii; .^ri . ion 
exchanger is bounded by a cation-selective 
membrane and an . amonrsdective - mem- 
bme; iops .are^;i^^ the 95 
ddonising^chamber but no or;only ai few ions 
are.'convcyed from the rmsing chambers to 
the dectrodialysis chamber^ as ih the case of 
an dectrodialysis apparatus, witli ion-rsdective 
membranes;: 

The thickness of the membranes is not very 
imponant, proivded they are suffidendy ion^ 
permeable, and the resistance is not too high. 
Thus the membranes can be of a thickness to 
withstand the pressure , differences which may 103 
exist between die deiomsing chamber and the 
adjoining chambers or suitable reinforcement 
can be employed to support and stiffen dicse 
relatively diin membranes. 

The cation exchanger and aiiion exchanger 11( 
eaa^-.be various cominerdally available syn- 
thetic resms which are employed in " mixed 
bed" ddonisation mentioned earlier. In 
general the sulphonic acid type cation exchan- 
gers and die strongly basic anion exchangers, 111 
e.g. those deriving their exchange capadty 
from quaternary ammonium groups, are found 
to be preferable as regards = exchange 
capaaty and rate of ion migration in an 
dectric fidd. ^Zi 

The cation and anion exchangers can be 
employed in the hydrogen and hydroxyl form 
respectively or in die salt form. If an appar- 
atus is filled vnth die sodium form of a cation 
ex<^anger and die carbonate form of aa anion Ui 
^changer and hard water is passed through 
dus apparatus at a rate faster dian electro- 
dialytic renaoval of ions takes place, die 
exchangers may temporarily exchange die 
sodium and carbonate ions for odieir hardness- 
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producing ions to yidd a softened water. On 
the other hand, if the electrbdialysis is carried 
on for some time without flow of water through 
die resin bed or if the rate of jOlow is suflSdently 
slow, the water fed to die bed can be a>m- 
pletely deionised. 

It will be apparent, dxerefore^ ihat die pio- 
cess and apparatus can b^ particular ly adapted 
to deionisatioa of water at a iunif onh fate as 
wdl as to ddonisatiori' wheii the deriiand of 
deionisisd fx^ater is intermittent^- since the 
exchanger present has a spare capacity; la 
die latter case it is necessaiy to provide a 
quantity of exchanger stifficientiy large to 
handle die expected peak load on die usual ion 
exchange principle: la handling such a peak 
load die resins may become substantially satu- 
rated witii adsorbed of . exchanged ions. At 
the same tim^ under the infludice of the elec- 
tric field part of the adsorbed ions migrate to 
the rinsing chambers. During the periods of 
no demmdj, iv^. .-:^hett fittife of iio ; water is 
passed dirough tHfe totchangeirs ^e Adsorbed 
ions are partially-or whoUy removed, as die 
imuence of die; : electric field causes die 
adsorbed ions to 'migrate dirough the per- 
meable membranes, thef Exchangers being 
regenerated: ■ 

The poteiitiiil' difference across the elec- 
trodes and die ciirrent strengdi depend on 
the same factorjs as in a normal electrodialysis 
apparatus, viz., on the number of cells, the salt* 
cdncentratibn in the dijalyskte' aiid iit tile iins- 
iiig liqtiidi the resisfaiice df the -iii^rribranes/ 
the width of die cqUs, and die lflGe, btit= par- 
ticularly widi a dialysate wift a small salt con- 
tenty die voltage is OMisiderably lower than 
with a normal electrodialysis apparatus, since 
the resistance of the dialysate chamber is con- 
siderably lower owing to the presence of the 
ion exchangers. 

Tie resistance varies according to the size 
and arrangement of die exchanger particles. 
With a relatively^small particle size there is 
closer contact between the particles of the 
same exchanger than witii particles of larger 
siz^ thus tending;to reduce the resistance. The 
lowest resistance is obtained by arranging die 
exchangers in alternate strata; the stratification 
of die two exchangers is more favourable dian 
the use of a mixture of the two exchangers. 

One of the distinct advantages of the pro- 
cess and apparatus according to the invention 
is the lack of attention required after installa- 
tion. Besides, the apparatus for softenmg or 
deionising water can operate efficiendy and 
unattended for months or even years. The 
cost of electricity is low. The power cost will 
of course depend on xkt degree of deionisatipn. 

The size of an apparatus depends on the salt 
content ofthe untreated water and the reduc- 
tion desired and also on the peak load to be 
ejcpected.. 



Example 

Soil water of the following composition: — 65 
Cl^ - - . - 25 mg/Utre 

SO- . - - 10 ^; 

HCO,^ - - - 74 -,7 

CO, - - - - 23.4 „ 

SiO, ... 26 „ 70 

NH/ - - . 0.1 

Pe - - . ^ ib.o 

Afii - - - - 019. .„ 

Ga++ - • . 20.6 • „ 

Mg++ . . . 3.5 „ ; ■ 75 

Na+ - - - - 16;2 
thus containing 266 milli-equivments of 
cations per litre and having a specific resist- 
ance of 5.680 Cl/cta^ i? to be deioni^d to a 
concentration of 0.0256 niilli-equivalents of go 
salt per litre (spec, resistance 560,000 ft/cm'). 
The average specific resiiststetGe of the dialysate 
in the deionising cell is 26,400 H/cm^; the 
specific resistance of the dialysate chamber 
{cell wddi 1 mm) and 2 membranes ?lpprox. 85 
3,100 n/cm\ If the current detisity is I 
mA/cm% the voltage required per dialysate 
chamber and 2 inembrahes is 3;08V: The 
voltaige aaoss the rinsin|; chambCT^ and elec- 
trode chambers rcoimtaimng concentrated solu- 90 
tion) can be ne^caed' with a'multicell' appara- 
tus. • ■* . ' 

2.534 Gm. cquiavlaits/m? naetal ion miist 
be removed; at a current yield of SO%i tbkcn 
on a Coulomb basis, 2x 2.534x96,500= 95 
489^062' Amp;sec. are regiiired ! involving a 
power consiiniprioii of 0.42 kWh pei 

If in such a deionising cell a stratum is pro- 
vided with alternate strata of anion exchanger 
Dowex 2 (a polystyrene-divinyl benzene 100 
co-polymerisate, contiaining quaternary ammo- 
nium groups, the nitrogen being linked to two 
methyl and one hy<koxy-ethyl group) and 
cation exchanger Dowex 50 (a co-polyineris- 
ate of polystyrene and divinyi benzene, sul- 105 
phonated in the core), the average specific 
resistance over die same range of deionisation 
is only 3,000 flcm^.. In this case it is, how- 
ever, impossible in actual practice to maintam 
a cell width of only 1 mm for which reason it no 
must be enlarged to 2 mm. 

The resistance of the cell, including 2 mem- 
branes, averaged 740 CI per cm=; for the 
deionisation of 1 m^ water with a current den- 
sity of 1 mA/cm- and the same current yield 115 
only 0.10 kWh was required. 

It is remarked diat with solutions containing 
over approximately 10 milli-equivalents of salt 
per litre, die difference in resistance between 
a normal cell and a cell which has been filled 120 
with an ion exchanger is only relatively small, 
so that with such a solution the use of the 
apparatus and the process of the invention does 
not offer special advantages. 

With a dilute electrolyte solution the con- 125 
ductivity decreases substantially in proportion 
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to the omcentratioa However^ this is no 
longer the case for the combination of dflute 
solutions with an ion exchanger and in this 
case the conductivity does not fail below a cer- 
5 tarn hmit So if concentrated sohuions are 
to be deionistti to a yery low salt concentration 
It ^ prrfetred first to deionise dectrolyticaUy 
as long.as die liqmd has yet a sufficient con- 
,n SJ^^v^^.apd to cany out the latter part of 
10 the deiomsing process in an apparatus acrord- 
ing to die invention. 
What we daimis: — 

r -^-./^^s die deionisation of an ionic 

^quidwluci comprises adsorbing 
15 this^hquidby m gmon exdiangeranda^^^ 

exchanger disposed, between two ion-penneab!e 

membranes and deionising the exdmgers by 

^plying an dfectric current across die mem- 
. prsnes and the .exchangers which causes dis- 
20 placement of adsorbed cations and /^ons 

throu^ the me^Aranes to rinsing solution on 

the odier side of die membranes for r^ener- 

auon of said exdiangers. 

1. as claimed in Qaim 1^^ wherein 

25 die hqmd to be deionised is brought into con- 

tact widi an anion exchanger and a cation 

exchanger arranged in strata. 
3. Process for the deionisation or concen- 

tr^uon of ionic liquids substantiaUy as des- 
30 cnbed TOth reftterice to the example* 



4. Deionising apparatus, comprising . an 
anion exchanger and a cation exchanger dis- 
posed in a ddonisation chamber bounded, on 
two sides by ion-permeable membran^ said 
chamber bemg provided widi m^tis.' fbr die J5 
mtroduodon and discharge- of the liquid to be 
deionised and die deionised liguid respectivdy, 
each membrane fornaing a boiindiy. bet^ 
the. deiqiiisation chamber aiui a rhismg cham- 
ber pro wdkdi^ for the iptxipdiictipn 40 
and disji^ge- of nnsing Uqnid, me?iis Wng 
prpi^jckdlor maintaining a potential ^^ence 
across the niembranes aii4 tte .deipiidsing 
chamber*?-. '-Z- - :• \v v • 

5, Apparatus as claimed in Claim 4:, wh^dn 43 
an anion sdective membrane is;pres€ni;on die 
anode side of die deionising . chamber and a 
cation-sdectiye membrane on the cathode side. 

. 6. Apparatus as claimed in.^i^^ 5, 
wherein the; anion escfaang^^i^^^^ a^^ 
exchanger. present as sep^raje sttata. _ 

.7^ Ddopisingiappgrato substotiaMy ascles- 
cribed . widi reference to the accompanying 
drgwmgs. ^ 
ELEaN&TON & FH?E,\ 
Consulting Oiemists and 
Chartered Patent Agents, 
Bank Chambers, 329, HighjiDlbom, 
London, W-Cli V 
Agents for the Applicant*: 



^Sht^ ^S^M^%^'f'^'^°^'' ^ courier E«ss.--i957. 
*Tinusnea.at a>e Patent OflBce. 25. Sputiiainpitoii Bugding?, Lohcfpn. W.Ca. from .whibh 

copies may be obtajbed; • 
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776.469 COMFtETE SPECIFICATION 
2 SHEETS jf,!^ drawing is a reproducaon of 
tfce Original on a reduced scale. 
SHEETS I & 2 
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